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Re: ET Docket No. 04-37 – Ex Parte Notice 

Dear Ms. Dortch: 

On September 15, 2004, Brian Gaffney, Joel Fox, and Timothy Russell of 
Aeronautical Radio Incorporated (ARINC), John Bartlett of this firm, and I met 
with Bruce Franca, Ron Repasi, Alan Scrime, and Ahn Wride of the Office of 
Engineering and Technology to discuss the concerns that ARINC raised in its 
Comments and Reply Comments in this proceeding regarding the possibility for 
interference to aeronautical air traffic control and operational control 
communications from broadband over power line systems operating on the 
Aeronautical Mobile(R) high frequencies.  Copies of the materials supplied during 
the meeting are attached. 

Respectfully, 
 
David E. Hilliard 
 
David E. Hilliard 
Counsel for ARINC 

Attachments 
cc: Messrs. Franca, Repasi, and Scrime; Ms. Wride 
 











Summary of ARINC’s Broadband Over Power Lines 
Modeling and Interference Analysis

Prepared by: Joel Fox
ARINC
Staff Principal Engineer
Electromagnetic Programs
410-266-4924
jfox@arinc.com



ARINC BPL Modeling

• This model attempts to predict the interfering signal 
strengths presented at various distances from a single 
BPL radiator at a fixed height above ground of 100 [ft] in 
the frequency range of 3 – to 20 MHz.

• Modeling software: method-of-moments analysis 
program Numerical Electromagnetic Code, Version 4.1 
(NEC),



ARINC BPL Modeling Parameters

• Parameters
– 2000 ft span 12 sections 3 ft sag 

(figure depicts only 3 sections)
– Zload = R +j0 

• R = 6.25, 12.5, 
25,50,100,200,400,1000

– Pinput = 1mW 
– Excitation voltage was varied with 

input impedance to produce 1mW 
input power.

– 6 ft spacing between parallel 
sections

– 40ft above ground
– Differentially Fed Excitation
– Used Avg Ground parameters 

(conductivity=.005 dielectric = 13)
– Analyzed f = 3,5,10,15,20 Mhz



BPL Analysis Approach

• Assumed horizontally polarized ground side receive antenna.
• Distances analyzed from BPL antenna D= 100ft,200ft, 500ft,1000ft ,2000ft,1mi, 

2mi and 5mi
• At distances (D = y) of 1000ft and less, the analyses looked at 1000 points 

between -1000ft = x = 1000ft at a height of 100ft above ground parallel to the 
BPL radiator.   

• At distances of 2000 ft and greater, the analysis looked at 360 points (phi) 
around the BPL antenna at a fixed receive antenna height of 100 ft.

• Antenna Height above ground was assumed fixed at (z) = 100ft for all analysis
• |E| near field horizontal signal strength was calculated at each point and sorted 

for maximum in dBuV/m
• Far Field pattern was analyzed reporting maximum power gain [dBi] and take off 

angle. 



Points analyzed at 100 ft above ground every 2 ft parallel to 2000 ft BPL radiator at distances
D =  100ft,200 ft, 500 ft, 1000 ft and 2000 ft

BPL Radiator

200 ft

100 ft

500 ft

1000 ft

2000 ft



Points analyzed at 100 ft above ground every 1 degree
for PHI  = 0 -360 for Distances R  = 1mi, 2mi, 5mi

R = 5 Miles

BPL Radiator
R = 1 Mile



Radiation Pattern Plots Explained

• Horizontal Gain is Depicted
• Patterns are color coded based on their 

power gain:

– Red > 0 dBi
– Yellow 0 to – 10 dBi
– Green -10 to -20 dBi
– Blue -20 to -30 dBi
– Magenta -30 to -40 dBi
– Cyan -40 to -50 dBi
– White <-50 dBi



BPL Power Gain [dBi] Summary

Freq [MHz] R Load [ohms] Theta  Phi
MAX

Gain dBi Freq [MHz] R Load [ohms] Theta  Phi
MAX

Gain dBi
3 6.25 5 0 -7.7 15 6.25 67 0 6
3 12.5 5 0 -9.5 15 12.5 67 1 5.1
3 25 5 0 -11.7 15 25 67 1 3.7
3 50 5 3 -14.2 15 50 67 1 1.8
3 100 5 0 -16.9 15 100 67 0 -0.5
3 200 5 0 -19.7 15 200 67 0 -3
3 400 4 172 -22.2 15 400 67 0 -5.4
3 1000 6 0 -24.1 15 1000 74 52 -5.3

5 6.25 3 0 -4.9 20 6.25 64 142 5.6
5 12.5 3 0 -6.3 20 12.5 64 142 4.9
5 25 3 0 -8.2 20 25 64 142 3.8
5 50 3 0 -10.5 20 50 64 142 2.1
5 100 9 0 -12.9 20 100 61 36 0
5 200 9 0 -15.2 20 200 60 35 -1.6
5 400 4 0 -16.7 20 400 60 35 -2.6
5 1000 4 0 -16.9 20 1000 60 35 -2.5

10 6.25 52 0 1.8
10 12.5 52 0 0.9
10 25 57 177 -0.4
10 50 57 176 -2.3
10 100 57 176 -4.6
10 200 57 177 -7.1
10 400 56 0 -9.6
10 1000 68 65 -9.5



BPL Interference Summary @ 3Mhz

|E| @ 3MHz 6 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 3MHz 1000 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 3MHz 6 ohm load 
1000ft from BPL Antenna 100ft above ground
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BPL Input power of 1mW

Receive Antenna Fixed Height  100ft

Maximum predicted interference @ 3MHz 100ft from BPL 
antenna is 63dBuV/m = 1412.538 uV/m

Interference level exhibits 15-20dB swings with various 
loads

Highest interference at either end of BPL radiator. 

Approximate 40dB/decade roll off @ 3MHz

Interference will increase as BPL radiation angle 
increases.  High site installations will be subject to more 
interference.



BPL    Zload = 6.25 +j0    Zin = 24+j577 f  = 3.0 MHz

L3M6_3hpa L3M6_3hpb

>0                 -10 to -20           -30 to -40            -50 to -60

0 to -10             -20 to -30          -50 to -60



BPL Interference Summary @ 5Mhz

|E| @ 5MHz 6 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 5MHz 1000 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 20MHz 6 ohm load 
1000ft from BPL Antenna 100ft above ground
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BPL Input power of 1mW

Receive Antenna Fixed Height  100ft

Maximum predicted interference @ 5MHz 100ft from BPL 
antenna is 69dBuV/m = 2818.38 uV/m

Interference level exhibits 15-20dB swings with various 
loads

Highest interference at either end of BPL radiator

Approximate 20dB/decade roll off @ 5MHz

Interference will increase as BPL radiation angle 
increases.  High site installations will be subject to more 
interference.



BPL    Zload = 6.25 +j0    Zin = 202+j2001 f = 5.0 MHz

L5M6_5hpa L5M6_5hpb

>0                 -10 to -20           -30 to -40            -50 to -60

0 to -10             -20 to -30          -50 to -60



BPL Interference Summary @ 10Mhz

|E| @ 10MHz 6 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 10MHz 1000 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 10MHz 6 ohm load 
1000ft from BPL Antenna 100ft above ground
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BPL Input power of 1mW

Receive Antenna Fixed Height  100ft

Maximum predicted interference @ 10 MHz 100ft from BPL 
antenna is 67.7dBuV/m = 2426.6 uV/m

Interference level exhibits approximate 10dB swings with 
various loads

Highest interference at either end of BPL radiator

Approximate 20 dB/decade roll off @ 10MHz

Interference will increase as BPL radiation angle 
increases.  High site installations will be subject to more 
interference.



BPL    Zload = 6.25 +j0    Zin = 40-j430 f = 10.0 MHz

L10M6_10hpa L10M6_10hpb

>0                 -10 to -20           -30 to -40            -50 to -60

0 to -10             -20 to -30          -50 to -60



BPL Interference Summary @ 15Mhz

|E| @ 15MHz 6 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 15MHz 1000 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 15MHz 6 ohm load 
1000ft from BPL Antenna 100ft above ground
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BPL Input power of 1mW

Receive Antenna Fixed Height  100ft

Maximum predicted interference @  20 MHz100ft from BPL 
antenna is 69dBuV/m = 2818.38 uV/m

Interference level exhibits approximate 10dB swings with 
various loads

Highest interference at either end of BPL radiator

Approximate 20 dB/decade roll off @ 15MHz

Interference will increase as BPL radiation angle 
increases.  High site installations will be subject to more 
interference.



BPL    Zload = 6.25 +j0    Zin = 43+j428 f = 15.0 MHz

L15M6_15hpa L15M6_15hpb

>0                 -10 to -20           -30 to -40            -50 to -60

0 to -10             -20 to -30          -50 to -60



BPL Interference Summary @ 20Mhz

|E| @ 20MHz 6 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 20MHz 1000 ohm load 
100ft from BPL Antenna 100ft above ground
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|E| @ 20MHz 6 ohm load 
1000ft from BPL Antenna 100ft above ground
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BPL Input power of 1mW

Receive Antenna Fixed Height  100ft

Maximum predicted interference @ 20 MHz 100ft from BPL 
antenna is 70.2 dBuV/m = 3235.94 uV/m

Interference level exhibits approximate 10dB swings with 
various loads

Highest interference at either end of BPL radiator

Approximate 20 dB/decade roll off @ 20MHz

Interference will increase as BPL radiation angle 
increases.  High site installations will be subject to more 
interference.



BPL    Zload = 6.25 +j0    Zin = 253-j1399 f = 20.0 MHz

L20M6_20hpa L20M6_20hpb

>0                 -10 to -20           -30 to -40            -50 to -60

0 to -10             -20 to -30          -50 to -60



Conclusions
• The Part 15 40dB/decade factor is over optimistic by approximately +20dB.  A more 

realistic extrapolation factor may be 15 to 20 dB/decade.  This assumes you are 
measuring a point along the radiator which provides a maximum field strength which 
is highly unlikely.  

• The pattern data shows a significant variation in received interference signal level as 
you move along the radiator.  Swings of approximately 30dB or more are typical.  It 
can be concluded that taking a small number of field point measurements (in the near 
field) and extrapolating to predict signal strengths farther away from the antenna 
produces a very low degree of confidence in establishing the real received BPL signal 
strengths.

• Although this simplified model may not represent the BPL system in full, the 
predictions presented provide estimates that predict significant departures from part 
15 30uV/m limits.  

• This analysis considered a ground side receive site situated on perfectly flat ground 
with a receive antenna of 100ft.  Real world installations will provide receive sites that 
have a significantly higher look angle from the BPL noise source than those 
investigated here.  The BPL radiator exhibits it’s highest gain at these higher 
elevation angles.  As a result interference to high sites will be even higher than those 
predicted here. 



Conclusions Continued

• Significant increase in gain is seen off the ends of the BPL radiator.  For distances  
less than 2000 ft in this analysis the receive site was examined parallel to the BPL 
radiator.  An increase in interference level will be observed in installations that fall 
within this region. 

• Multiple BPL radiators were not considered in this analysis. Combined signal 
strengths from multiple BPL sources could dramatically increase the received 
interference level.

• Skywave propagation was not considered here, but may be significant depending on 
ionoshperic conditions due to the high angle radiation pattern exhibited by the BPL 
radiator. Combined signal strengths from multiple BPL sources could dramatically 
increase the received interference level and should be considered.
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MEMO 
 
To: Brian Gaffney 
 ARINC - RF Engineering Technical Director 
 
From: Tim Russell 
 ARINC - Principal Engineer 
 
Date: 14 September 2004 
 
Re: Interference signals at the HMB and PYE sites 
 
The interference signals that have been measured at the above mentioned sites have been shown 
to have a very high likelihood of originating from PLC devices.  The reasoning for this 
conclusion has come from the measurement of like devices in the ARINC lab, obtaining 
frequencies of usage as well as spectral signatures as measured on spectrum analyzers.  The 
radiated signals from some of these units can be rather large in amplitude due in part to the RF 
power used by the unit to pass the information to the intended receiver unit.  For example 
ARINC has a PLC telephone extension device pair manufactured by PhonexBroadband (model 
PX-441) that has an output power level of +20 dBm (100 milliwatts) centered at 3305 kHz.  
Signal levels of this magnitude, injected into the power lines of a home or office, are bound to 
cause interference to radio communications equipment, where a normal receiver sensitivity is 
less than 1 micro-volt (1 µV), for a radius of many miles, even with a poor antenna system at the 
PLC site. 
 

 
Figure 1 – PhonexBroadband Output Power Level 
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The first scientific measurements of these signals in the field was performed over the days of 28 
April and 29 April 2004 at ARINC’s Half Moon Bay (HMB) receiver site.  Standard DF 
equipment was utilized to first detect interfering signals at the receive site and then track the 
signals to their respective sources.  On that trip three (3) signals were tracked to homes within 
the city limits of the town of Half Moon Bay, approximately 5.5 miles from the HMB receiver 
site.  With two of the homes the signal was tracked to a particular area/room of the home.  It can 
not be over stressed that these signals were received at the HMB site and tracked to their 
respective sources over 5 miles away.  During this trip multiple signals were detected, and over a 
period of many hours it was observed that the signals were not constant in amplitude but varied 
as the apparent propagation method for each signal changed its parameters. 
 
During the week of 16 August 2004 ARINC documented the interference signals and noise 
floors of its West Coast receive sites Half Moon Bay (HMB) and Point Reyes (PYE).  On 17 
August 2004 at the HMB site a 3019.8 kHz signal was measured and Figure 2 below depicts the 
measured signal level as seen on the Agilent 8562EC spectrum analyzer.   
 

 
Figure 2 – Interference Signal at Half Moon Bay 

 
It can be seen from the graphic that the level of the interfering signal at that time was -78.83 
dBm.  To further identify the signal source the horizontal resolution of the spectrum analyzer 
was brought to 30 Hz (zoomed in) and the spectral signature of the signal of interest was 
observed.  The signal exhibited the typical slowly drifting (in frequency) carrier signal with 60 
Hz (minor) and 120 Hz (major) sideband lobes.  This is the typical spectral signature that all PLC 
devices intended for phone extension applications that have been measured at the ARINC labs 
have exhibited.  During this measurement session it was observed that the signal drifted over 1 
kHz in frequency over roughly a 15 minute period.  Again, typical of PLC devices.  It should 
also be noted that even though the carrier frequency of these devices are outside the bandwidth 
of the 3013.0 to 3016.0 kHz bandwidth of ARINC’s receivers, when these signals are modulated 
with information their bandwidth can be as much as 50 kHz wide which will cause, and have 
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caused, considerable interference to ARINC’s receivers.  During times of reception of the 
weaker aircraft signals communications with aircraft over oceanic waters can, and have been, 
completely blocked.  To compound the nature of the problem, interference at the sites have been 
intermittent in nature, coming and going away as the devices are activated and deactivated by 
their users, further denoting the high probability of PLC devices. 
 
That same day but during the evening, measurements were taken at the PYE receive site.  The 
graphic in Figure 3 below depicts the measurement taken that night.  During this measurement 
session another suspected PLC device was measured, this time at 3025.1 kHz.  Though the signal 
level was measured at -88 dBm, this signal was over 10 dB above the noise floor for that 
evening.  That evening at the lower frequency bands (below roughly 10 MHz) was present a 
period of high noise floor due to static “crashes”.  During this time lightning storms were present 
over the Sierra mountain range and was a poor night for reception of signals. 
 

 
Figure 3 – Interference Signal at Point Reyes (night) 
 

Figure 4 depicts the measured noise floor and the same interfering signal (center frequency of the 
plot now 3013 kHz rather than 3019 kHz), but with the measurement taken at roughly 10AM the 
next morning.  As can be seen, the interference signal is still present and at approximately the 
same amplitude, -88 dBm.  Also to be noted is the noise floor.  With the static crashes no longer 
present the noise floor dropped to roughly -125 dBm.  These two plots show a typical variation 
of the noise floor with HF propagation.  The noise can be high due to atmospheric conditions, 
and it can be quite low during time of low solar K index readings and the absence of noise 
generating lightning storms.  If noise floors of the level of those measured in the evening are 
used as the basis for allowable BPL noise, the times of quiet noise floors will be gone and HF 
communications capabilities will be forever diminished. 
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Figure 4 – Interference Signal at Point Reyes (day) 

 
 
 


